A micro grooved finger has smaller bending stiffness and can be used to improve the performance of some micro cantilever devices. The deflection and bending stiffness of a micro grooved finger are discussed in this paper. An analytical model of the deflection is built up to study the effect of the groove sizes on the bending stiffness and the deflection of the grooved finger. The calculation of the analytical model is consistent with the simulation and experiment results. When the grooves depth is 0.5 µm, the spring constant of grooved micro finger is 19.8% smaller than that of flat finger without groove patterns. The spring constant of the finger decreases with the increasing of the width and depth of the groove. A novel micro electric-thermal gripper is introduced based on the grooved finger. It consists of four sub-cantilever beams arranged at the diagonal lines of the square frame in the end of the main cantilever structure suspended from the silicon substrate, which guarantees an effective contact by the four-point contact area on the top surface to grab object of importance. The thermal expansion induced deflection makes the fingers moving vertically from an 'open' position to a working one. The grooved fingers help to decrease the bending stiffness of the finger and increase the deflection and the initial gap. The simple fabrication process has a feasibility of compatible and mass production.
Introduction
With the development of micro system technique, more and more micro devices are increasingly required for low cost, mass production, especially high efficiency as well as improved reliability. As a key type of micro elements, micro cantilever do not need any complicated process and expensive device during the fabrication. Moreover, due to its simple theory model and reliable properties, the micro cantilever has been wildly used in many micro sensors and actuators [1] . Y. Lee, G. Lim [2] developed a novel sensor with micro cantilever to detect protein and poly T-sequence DNA. This sensor works by measuring the change in the resonance frequency of a micro cantilever with a piezoelectric film. Sibani Lisa [3] observed surface stress changes of double-stranded DNA oligonucleotides by using microcantilever. Micro cantilever can also be used in force sensing and manipulation. Reza Saeidpourazar [4] presented a piezoresistive microcantilever used in nanomanipulation processes based on force sensors.
Most of researchers focus on the application of common micro cantilever. A micro cantilever with different shape and structure will have some special functions. Some reaearcher proved that a "T-shaped" cantilever can improve the sensitivity of the cantilever so that the device can sense the presence of biomolecular even if the magnitude of the generated forces over the microcantilever was very small [5] . Michel Godin, Vincent Tabard-Cossa and Peter Grutter developed a new method by using a triangular micro cantilever for surface stress measurement [6] . Jinseok Kim [7] applied a grooved cantilever to study the behavior of the cells firstly, and get satisfactory results. But few people study the properties of a micro grooved finger, such as the mechanic behavior etc.. Obviously, a micro cantilever with groove patterns on its surface has a smaller bending stiffness than that of a traditional one. We can get a larger deflection than before, if we used such a cantilever under the same load conditions. This will be help to improve the performance of some micro system. The bending stiffness and the deflection of the micro grooved finger were discussed in this paper. An analytical and simulation model was built up to study the finger deflection. Based on the theory research, we developed a novel flexible micro gripper with grooved fingers, adequate to handle ultra small and light fragile objects, including most bacteria and animal cells. The integrated thermal bimorph actuator is for the mechanical deflection of four fingers for a proper position to hold the component. In contrast to commonly designed micro fingers, it requires less power to obtain a larger deflection for the four fingers from 'open' state to working one to handle small objects of interest.
Theoretical Analysis
Structure of Finger. The schematic top and cross section view of the novel micro gripper is shown in Fig. 1 . Since the symmetric alignment of the four fingers, each micro finger can be regarded as a cantilever. Every gripper is consisted of three-layer structure. That is silicon substrate, silicon oxide layer and metal layer. As shown in Fig.1 , the thermal heater is formed on silicon substrate by lightly doped silicon as the electric-thermal resistor with the depth of 0.5 µm and width of 4.5 µm. An oxide layer was used to insulate the doped silicon from the adjoined metal. The Au-Cr layer was deposited on the top surface. The micro finger is initially curled by thermal stress of a thin metal layer deposited on the top surface. The gap distance between the diagonal fingers is the largest. That is so called "open" stage of the gripper. An object could be inserted into the gap encompassed by the four finger tips. When an electrical current flow through the resistor, the temperature of the finger will rise, which lead to a deflection of the finger due to the different expansion of the metal and silicon layer. Gap encompassed by the four finger tips will decrease, and the sample would be grabbed by the four micro fingers. That is so-called "working" stage with the assumption that the weight of the object is much less than that of the fingers. Contact occurs as the fingers move toward the object. The initial gap can be infinitely small dependent on the fabrication techniques. The generated gripping force is dependent on the friction coefficient of the interface. And the induced reaction force applied to the object causing the deflection of both the fingers. There are several important parameters to make sure an effective elevation such as the friction coefficient, weight of the object and bending stiffness of the gripper. To increase the reaction force and bending deflection of the fingers, Several V-grooved patterns were etched on the finger surface. Fig.2 , the micro finger with n grooved patterns is fixed on the left end, and the right end is free with a concentrated force p applied on the midpoint. Herein, EIi is bending stiffness of cross section i, E is the Young's Module of the material, Ii is the moment of interia of the cross section i. L, b, h1 and xi are the length, width , thickness of the finger and groove position in x-coordinate, respectively. The thickness of the finger with a grooved pattern is h2, and, (h1/h2) ≈ 1. The micro finger can be treated as a cantilever. (1) (h 1 -h 2 ) is far smaller than the cross section sizes of the finger. The neutral axises of different cross sections are regarded as superposition.
(2) Ignore the weight of the cantilever. And the V-grooved patterns are treated as rectangle cross section.
(3) Ignore the effect of the metal layer and silicon oxide layer on the finger bend action. The micro finger with grooved patterns is treated as several sub beams with different cross sections connected in series. As shown in Fig.3 , each sub beam is regarded as a cantilever fixed on the left end and free on the right end. An equivalent bending moment and shearing force is loaded on its right end, which result in a deflection of the sub beam. The total deflection of the finger is the cumulation of each subbeam. So we can calculate the total deflection of the finger by using the adding each deflection of every sub cantilever.
As shown in Fig.2 , for a sub cantilever i, the equivalent shearing force is p, and the bending moment applied on the sub beam is m i . Where,
According to the materials mechanic principle [8], the deflection caused by the shearing force is:
The deflection caused by the bending moment could be calculated as: The total deflection of the sub beam i can be writen as equation (4): The slope caused by the shearing force and bending moment is detemined by the following equations respectly:
So the total slopes of the sub beam i can be writen as equation (7): Considering the effect of the angle on the deflection, the total deflection of a sub beam i is based on equation (8): ( )
Then, the total deflection of the finger is found to be:
After simplifying the results, the following equation is produced:
Substituting Equations (4) and (7) into Equation (10), Equation (10) becomes:
( )
Equation (11) is the maximal deflection of the micro finger with groove patterns on its surface, when the applied load is a concentrated force p.
Numerical Simulation
The silicon cantilever has a dimension of length 200 µm, width 40 µm, and thickness 3 µm. Four grooves were etched on the cantilever surface with the depth of 0.5 µm, width of 20 µm. A concentrated force perpendicular to the top surface is applied on the end of the cantilever.
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Accroding to the FEM analysis, the spring constant of the cantilever can is about 4.717 N/m. The displacement distribution obtained from ANSYS software is shown in Fig. 3 . The maximal deflection of the cantilever is 21.2 µm. Herein, the applied force is 80µN.
Fig. 3 Displacement distribution on the micro finger

Discussion
Substitute the structure parameters of the micro finger and the same load into the equation (11). We can get the maximal deflection of the finger. The relation between the applied load and the deflection is given by equation (12). Obviously, the simulation result is consistent with that of calculation by using the above method. The spring constant of the cantilever can is about 4.695 N/m.
When the depth of the groove is constant, the groove width is an important factor related to the bending stiffness and deflection of the micro finger. Fig.4 is the deflection of the micro finger with different ratio of (w/wt), when the grooves depth is 0.5 µm. The spring constant of the finger decreases with the increase of the ratio of (w/wt). Herein, when ratio of (w/wt) is 100%, it refers a flat cantilever with the thickness of h2. The micro finger has a smaller bending stiffness than others, and will get the largest deflection under the same load. The deflection is given by equation (13). The spring constant is 3.300 N/m. The value of spring constant is 29.7% smaller than that of micro grooved finger with the (w/wt) ratio of 50%. Compared to a common finger without groove patterns, the spring constant of grooved micro finger is 19.8% smaller than that of common finger, when the grooves depth is 0.5 µm.
Application in Micro Gripper
Fabrication Process. The fabrication process begins with a bonded silicon on insulator (SOI) wafer comprised of a 3 µm top layer, separated from 300 µm thick structure layer of undoped silicon, by silicon dioxide layer with thickness of 500 nm. The key steps for the monolithic micro gripper fabrication process are illustrated in Fig. 5 based on conventional silicon micro maching method, which has the feasibility of compatibility and mass production. The tip modification is the most important as it determines the initial gap between the four tips, also as the 'closed' position, which Longitudinal distance of the finger, m Deflection along the X axis, m depends on the specific application, because the initial gap is the minimal dimensions of the components to be gripped. The SEM image of the gripper is shown in Fig.6 .
Characterization. Since the symmetric alignment of the four-point fingers, one of the cantilevers is characterized with a spring constant of 4.5 N/m by using the cantilever vibrating measurement method.
The deflection is for reliable contact with the object, to hold it at a proper position. To move the gripped component, less power is applied to increase the reaction force to elevate the object successfully for the object with less weight. w/wt=25% 37.50% 50% 62.5% 75% 100% Fig.4 The deflection of the micro finger with different ratio of (w/w t ) Fig. 5 Process flow of the fabrication of the novel micro gripper and its SEM images
Conclusions
We discuss the bending stiffness of the grooved micro finger; build up an analytical model of deflection in this work. The calculation of the analytical model is consistent with the simulation and experiment results. The spring constant of the finger decreases with the increase of the ratio of (w/w t ). Based on the above research, we introduce a novel electric-thermal micro gripper to hold, move and
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Progress in Functional Manufacturing Technologies I manipulate ultra small components by using grooved finger. Further efforts are exerted into special applications in biosensing, microorganisms and microchemistry field with this novel gripper.
